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Introduction
Quality of care is important in all health care services, including pediatric emergency care. Pediatric care has its own unique characteristic needs as the risk of medication errors can especially increase harm to patients in the pediatric emergency department (ED). 1 In the past, most pediatric ED patients were seen by a resident and a physician not specializing in pediatric emergency medicine. Leadership is a critical factor in implementing change and quality improvement initiatives. 2 The late chair of our board commented: "How can we treat the most seriously ill patients with inexperienced physicians?" In July 2003, the ED scheduled full-time pediatric emergency physicians and moved to total coverage in the subsequent 3 years. Instead of implementing extra ED rotating shifts with other pediatric subspecialists, the implementation of full-time pediatric emergency subspecialists is a quality improvement strategy in pediatric ED. In developed countries such as Canada and the United States, most pediatric EDs are staffed by full-time pediatric ED-trained and credentialed attending physicians. 3 Previous studies focusing on legal issues reported a decrease in malpractice claims and disbursements in a pediatric ED with full-time attending physician coverage; 4 most studies of the quality of pediatric ED care have examined differences between residents and attending physicians or between emergency and pediatric physicians. 5e9 The aim of quality in health care is "the degree to which health care services for individuals and populations increase the likelihood of desired health care outcomes and are consistent with current professional knowledge" as defined by the Institute of Medicine. 10 The six dimensions of quality are care that is effective, safe, efficient, timely, equitable, and patient-centered. 10 We expect the implementation of full-time pediatric emergency physicians to have better professionalism in patient-and family-centered care in order to reduce practice variations, and to provide the right care in the right place at the right time in an efficient and timely way. 11 The aim of this study was to evaluate the quality of care in a pediatric ED with pediatric emergency physicians.
Methods

Study design
The present study was a retrospective cohort study.
Setting
The patients were drawn from a pediatric ED affiliated with a tertiary care university hospital. The 24-hour pediatric ED has approximately 45,000 visits annually. The hospital has a total of 360 inpatient beds, including 200 ward beds, 30 pediatric intensive care unit beds, and 130 neonatal intensive care unit beds.
Selection of participants
The computerized medical records of all pediatric patients aged 17 years, with the exception of trauma cases, visiting the ED between January 2004 and December 2006 were reviewed. The physicians included in this study analysis were all credentialed attending physicians working in pediatrics. The full-time pediatric emergency physicians' group means physicians who work in the pediatric ED for 120e156 hours a month without inpatient and outpatient duties, and have 1e8 years of experience in pediatric emergency medicine. By contrast, the part-time pediatricians' group means physicians who work an extra shift in the pediatrics ED for 12e36 hours a month, in addition to providing routine inpatient and outpatient services in their subspecialty. Part-time pediatricians do not specialize in pediatric emergency medicine and have 1e2 years of pediatric emergency experience. During the study period, one attending physician together with one resident treated patients in a 12-hour shift; the attending physicians supervised the residents, assessed and managed patients with complicated medical conditions, and assumed responsibility for the management and the final placement of the patients.
Methods of measurement
The outcomes were quality measurements of pediatric ED performance. We used the most useful and common performance indicators including length of stay and the 72-hour return visit rate; 12 the other most common indicator was admission rate. 12 The indicators we developed and collected in this study were the mortality rate, within 48 hours of admission and total, and rate of being kept for observation. In addition, information on patient characteristics (gender and age), physician characteristics (status and seniority), the volume of patient visits, triage classification, and time of ED visit (season and time of day) were collected.
Primary data analysis
The incidence of patient death after admission to the pediatric ED was aggregated into yearly data, due to the small number of deaths. The full-time pediatric emergency physicians and part-time pediatricians were compared on the indicators using Chi-square tests for discrete variables and t tests for continuous variables. The variables were coded as gender (0 Z male, 1 Z female), age (continuous in years), physician status (0 Z part-time pediatricians, 1 Z full-time pediatric emergency physicians), physician seniority (0 Z < 3 years of experience, 1 Z > 3 years of experience), season (0 Z winter, 1 Z spring, 2 Z summer, 3 Z fall), time of arrival at the ED (0 Z 0:00 AMe7:59 AM, 1 Z 8:00 AMe3:59 PM, 2 Z 4:00 PMe11:59 PM), triage classification (0 Z Class IV, 1 Z Class I, 2 Z Class II, 3 Z Class III), length of stay for observation (continuous in minutes), admission to the ward (0 Z no, 1 Z yes), 72-hour return visit (0 Z no, 1 Z yes), and kept for observation (0 Z no, 1 Z yes).
Sensitivity analyses
Variables that showed a statistically significant (p < 0.001) difference between full-time pediatric emergency physicians and part-time pediatricians were followed up with logistic regression analyses. The dependent variables were admission rate, the rate of being kept for observation, and 72-hour return visit rate. The significance level for inclusion in the analysis was 0.05 and 0.1 for exclusion. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated. SPSS 11.0 (SPSS Inc., Chicago, IL, USA) for Mac OS X software was used for the statistical analyses. The study was approved by the Institutional Review Board of the subject hospital.
Results
Patient characteristics
We reviewed the records of 132,398 ED patients aged 17 years who visited the ED between January 2004 and December 2006. The average total number of monthly visits was 3678 AE 125 [mean AE standard error (SE); range, 2487e6646]. A spike in patient visits was observed following the December 2004 tsunami in South Asia. In July 2005, the national health insurance policy raised the copayment for ED visits by US$3, and as a consequence, patient volume plummeted and remained low. More than half of the patients were < 3 years old. Figure 1 shows the fluctuation in monthly patient volume. The number of patients in triage Classes I and II fluctuated with patient volume and made up 40e50% of the total visits ( Figure 2 ). The full-time pediatric emergency physicians' ratio was 40e50% in the first 18 months of the study period, then fluctuated between 100% and 70% in the subsequent 12 months and stabilized at 100% after July 2006. During the study period, the admission rate increased from 15e20% to 18e25%, the incidence of being kept for observation increased from 15e25% to 35e45%, and 72-hour return visit rate fluctuated between 2% and 6% with a slight downward trend.
Main results
The average length of stay in the pediatric ED decreased during the study period from 11.5 hours to 3.2 hours, as observed in 6-month intervals ( Figure 3 ). The mortality rate decreased relative to the increase in patient number. The annual mortality rate within 48 hours of admission from the ED increased from 0.04% in 2004 to 0.05% in 2005, but decreased to 0.02% in 2006, and the overall mortality rate dropped from 0.13% to 0.07%.
Between-group differences were measured using Chisquare and independent-sample t tests, and multivariate logistic regression analyses were used to determine the variables that were significantly associated with ward admission, extended observation, and 72-hour return visit. The comparisons of patient characteristics and care information between the two physician groups are shown in Table 1 . A statistical difference between physician groups was further examined in a multivariate logistic regression (Table 2) . Full-time pediatric emergency physicians were found to recommend admission more often and spend more time observing the patient (ORs Z 1.43 and OR Z 1.71, respectively), controlling for other variables. Senior physicians also had higher admission, and extended observation than junior physicians (OR Z 1.14 and OR Z 1.05, respectively). There was no significant difference between full-time pediatric emergency physicians and part-time pediatricians in return rates within 72 hours, after controlling for other variables. Patients who returned to the ED within 72 hours had higher odds of being admitted (OR Z 2.50) and being kept for observation (OR Z 1.59). As age increased, patients were less likely to be admitted (OR Z 0.98) or to return within 72 hours (OR Z 0.95), but were more likely to be kept for observation (OR Z 1.02). Patients who were kept for observation had a higher admission rate (OR Z 1.14). Winter was the seasonal reference group: patients arriving in the spring were more likely to be admitted and had higher 72-hour return rates; summer patients were more likely to be kept for observation and to return within 72 hours, and fall patients had higher rates in all three categories. Patients who arrived at the ED between midnight and early morning were the reference group: patients who visited the ED during the day (8:00 AMe4:00 PM) had a significantly higher admission rate (OR Z 2.26), observation rate (OR Z 1.56), and 72-hour return rate (OR Z 1.46). Patients who arrived at night (4:00 PMe00:00 AM) had higher odds of being admitted, staying for observation, and returning within 72 hours than those who arrived in the early morning. However, they were less likely to be admitted, to be kept for observation, or to return in 72 hours compared to patients who arrived during the day. Finally, patients with acute or severe conditions, Classes I or II in the triage system, had higher odds of being admitted, being kept for observation, and returning within 72 hours than did those classified as Class III or IV.
Discussion
Both length of stay in the pediatric ED and mortality rate decreased during the study period, indicating that the quality of medical care improved. Spaite et al 13 reported that waiting time was highly related to patient satisfaction. A decrease in the length of stay in the pediatric ED is beneficial for both the patient and the physician. The ED is not an ideal setting for patient rest and recovery, and the ED physician should make the appropriate diagnosis as quickly as possible and admit or release the patient.
Mortality rate is seldom discussed in the pediatric emergency care literature. Chamberlain et al 14 reported a mortality rate of 0.1% in 16 pediatric EDs in Washington, Figure 2 The severity of coming patients: triage Classes I and II number of patients with total patient visits in pediatric emergency department (ED) monthly during 2004e2006. DC, USA. Morbidity or mortality, secondary to medical error, is reported the most useful performance indicator in a consensus-established study in pediatric ED, but not commonly measured. 12 We designed and examined the mortality rate within 48 hours of admission from the ED to evaluate the early resuscitation ability of physicians in the pediatric ED. Mortality decreased yearly, and the 48-hour mortality rate was < 0.05%. We found that the quality of early resuscitation improved under similar patient volume and percentage of triage Classes I and II cases, providing the evidence that ED treatment had improved. Resuscitation rate could not be analyzed due to limited numbers during the study period.
Several advantages of full-time pediatric emergency physicians over part-time pediatricians can be identified. Full-time pediatric emergency physicians are familiar with the medical care process, quality, teamwork, and organizational culture of the pediatric ED. Furthermore, full-time pediatric emergency physicians have more experience in handling emergency cases, allowing them to develop better diagnostic and treatment skills. Dedicated pediatric emergency physicians train residents and help improve their knowledge and skills in emergency care, and generate emergency medicine research papers based on their extensive hands-on experience. Finally, by having full-time pediatric emergency physicians, the hospital management team can set up training roadmaps for those who want a subspecialty in pediatric emergency care.
Taiwan instituted a National Health Insurance program in 1995 that covers 99.6% of the population. The program has comprehensive benefit coverage (including emergency care, intensive care, dental care, and the cost of medications) and unlimited access to specialists and high technology equipment. Health care providers are forbidden from balance billing or from refusing or transferring patients without providing appropriate treatment.
Copayment of a visit to a pediatric ED is approximately US$8 for patients < 3 years old and US$22 for older patients. The pediatric ED used in the present study is in a university hospital that has excellent facilities, with 360 beds available for pediatric admission and 25 beds in the ED observation unit. Our finding that full-time and senior physicians had higher admission and observation rates may be the result of a higher quality of care with sufficient medical supplies and fully insured patients. 14e16 Pileggi et al 16 reported an average admission rate of 15% in an Italian pediatric ED, and Claudet et al 17 reported that a quarter of the patients who visited a pediatric resuscitation room in Toulouse, France were admitted.
In the present study, the trend analysis indicated that the 72-hour return rate fluctuated between 2% and 6%. A return visit within 72 hours was more common for younger patients and less frequent for patients admitted in the winter and midnight to early morning. Goldman et al 18 21 found that most repeat visits to the pediatric ED that ended in hospital admission were the result of disease progression rather than medical errors. This finding raises questions about the validity of repeat visits as a measure of quality improvement in pediatric EDs. Moreover, several studies found no difference in the return visit rate in patients seen by residents and those seen by attending physicians or between patients of emergency and of pediatric physicians. 5e7 We also question that repeat visits within 72 hours may not be a valid indicator for assessing pediatric ED performance. 21 Return visit rate within 72 hours is the most common measured performance indicator, but return visit rate within 72 hours with critical diagnosis might be more useful. 12 The limitation of this study is that the data is from a single hospital, and so a return visit to another hospital by the patient was possible, although no other pediatric ED within travel time of 30 minutes from this study's hospital location area was available. We did not analyze the issues including the patients' satisfaction degree, ability to resuscitate, and the cost effectiveness between full-and part-time pediatric emergency physicians. Determination of the disease severity was another limitation of the present study. The triage classification for the patient severity is objectively defined, and the admission, observation, and return visit within 72-hour rates were significantly related to the triage classification. Although most studies have found such triage systems to be safe and effective, 22e24 other studies suggest that these systems are inadequate for predicting hospital admission.
25e27 Several studies have investigated the reliability and validity of new triage algorithm in pediatric patients. In summary, the present study showed that full-time pediatric emergency physicians in the pediatric ED are associated with decreased mortality and decreased length of stay. These findings support the advantage of full-time pediatric emergency physicians in the pediatric ED. Both full-time ED physicians and senior physicians are more likely to admit patients and keep them for observation. The major difficulty associated with the part-time pediatrician staffing is that while in the ED, part-time pediatricians may need to attend to their inpatients or another subspecialty activity at the expense of ED patient care. Patients in the ED expect high-quality health care and service with limited risk; this means hospital management must develop and implement practices that meet the needs of patients. New and better means to evaluate the quality of pediatric ED care that objectively predict and measure outcomes and risks should be developed. The present study was a singlehospital qualitative study and further comparative studies are indicated as being necessary. We encourage other hospitals to report measurements of the quality of care in their pediatric ED and to implement a policy to develop a pediatric emergency subspecialty workforce policy agenda in pediatric emergency care. 33 
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